Recently some researchers have gathered around the claim that the likelihood for terraformation of Mars is slim, either because human technology is not up to the task, or the planet does not posses all the necessary resources to allow the process to be completed successfully. This manuscript takes a closer look both at the latest and previous scientific articles, optimistic and skeptical, while trying to reassess the terraforming potential of the planet. To achieve that, we summarized results from different experiments conducted with algae and higher plants. According to our reevaluation, it is concluded that even if the skeptical papers are right, and the others are overly optimistic, partial terraformation of Mars is still possible. It is also suggested that terraforming the planet partially could be a good option if we want to protect the local organisms, assuming that they exist.
INTRODUCTION
Terraformation of planets, which means changing their environment in order to make them suitable for Earth lifeforms, is not a new concept both to the science fiction and science. The word "terraforming" appeared first in the novels of Jack Williamson in 1940s, and the first non-fiction book dedicated entirely to the subject was published by James Oberg in 1981 (1) . With the interest of exploring Mars being on the rise during the last two decades, the prospects of its terraformation have been discussed by many researchers such as Christopher McKay (1, 2) , Robert Zubrin (2) and Martyn J Fogg (3) . The arguments in favor of terraformation are clear: there are no known planets or satellites in the Solar System which allow humans to live there without the protection of spacecraft or spacesuits. Mars is no different, but it has several advantages. One of the most important of them is the fact that the Martian day has a mean period of 24 hours and 39 minutes (4) . Here the obvious ____________________________ *Correspondence to: Svetoslav Alexandrov, Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, "Acad. Georgi Bontchev" str. Bl. 21, 1113-Sofia, Bulgaria, e-mail: saturn@gbg.bg implication is that it would be easier for Earth life to adapt to Mars due to the similar length of the earth day, compared to the adaptation on other satellites and planets with extremely long or short days. Another advantage is that we already know that Mars used to be wetter and warmer in the past, and there is still a lot of water present on the planet in the form of ice or frozen mud (5) . Also, current robotic missions have discovered that the mineralogy and chemistry of the Mars soil makes it suitable for life. For example, Mars rover Curiosity has found fixed nitrogen in the form of nitrates, in contrast to atmospheric nitrogen which is inaccessible to most organisms (6) . The presence of important salts has also been detected, including carbonates and sulfates (7) .
Discussions of the potential terraformation of Mars are usually focused on two questions: "Should we?" and "Can we?". The first question deals with the ethical aspects of terraformation and whether it is morally permissive to do it (8) . Since this has already been discussed elsewhere, it will not be the main focus of this paper.
The second one deals with the likelihood of the concept. It could be divided to another two different subtopics. The first subtopic is about the technology: what kind of machines and tools (existing or futuristic) are needed in order to change the environment of Mars. Arguments pro are that the technology of the 21 st century is adequate enough, for example, mirrors with dimension of 100km radius could be used in order to vaporize the carbon dioxide in the Martian polar caps (2) . But other researchers have argued recently that existing technologies are not up to the task, because certain hazards such as altered gravity and space radiation cannot be mitigated, and terraforming could be unpredictable and not fully controllable (9) . Regardless of the argumentation "for" or "against", we can agree that human technology is a subject to continuous development and assume that certain problems which seem unsolvable today and beyond our control, may find their solution in the near future. Eventual technological breakthroughs won't be discussed here and in this paper we will limit ourselves to our existing scientific knowledge and technological development.
The other subtopic deals with the planet Mars itself. The question is whether the planet has all the available resources in order to induce successful terraformation. A skeptical paper was published in 2018 describing results from a major NASA-sponsored investigation. The authors of this study conclude that although Mars possesses carbon dioxide and water in reservoirs like the polar caps, mineral and soils, even if we find a way to process all the resources, this would thicken the atmospheric pressure to only 7% that of Earth. Another concern is that not all of the reservoirs can be accessed easily. In the past it has been suggested that the easiest approach terraformers could use is just to heat the polar caps in order to release their CO 2 and H 2 O. However, this procedure would only increase the pressure to less than 15 mbar, just twice the current atmospheric pressure (10) .
The conclusions of the authors are clear: there is no way we can transform Mars to a point humans can survive on its surface without protective suitit is the planet that lacks the necessary resources.
DISCUSSION
Is Mars terraformation possible? If we take a serious look at the current scientific literature, the answer is ambiguous. The NASAsponsored study (Jakosky and Edwards) from 2018 states that "terraforming Mars is not possible using present-day technology" (10) .
Researchers like MkCay et al (11) have stated that it "may be possible to transform it (i.e. Mars) into a planet suitable for habitation by plants, and conceivably humans". Then we have Fogg (12) , who has stated that terraformation "does not appear technologically impossible", but "whether it will actually happen is an unanswerable question". The variations of the answer may have an easy explanation -the term "terraformation" carries quite broad sense and different researchers may imply variable meaning by using it. It has already been noted in the scientific literature that while the best definition of the term "terraformation" is "changing the conditions of a planet or a moon in order to make it suitable for life", it does not need to be used in a strict sense: "making them suitable for human life", with the emphasis on humans. It may mean changing the conditions just enough for plant life to thrive and produce food for the future colonizers, even if they still won't be able to live on the surface without protective clothing, or it may mean making just a fraction of the other world inhabitable, if not the whole one (13) . Taking this note into account, the latest skeptical articles (9, 10) are not the death knell for the idea of terraforming Marsnot just yet. Mars may never become entirely inhabitable for future astronauts, but humanity could still turn it into a proper second home for humanseven if only parts of it are processed.
Moreover, even if we cannot provide all necessary conditions for human life, other organisms have fewer requirements. Certain cyanobacteria, namely Chroococcidiopsis sp., can grow in extreme hot and cold deserts and it has been considered for a long time as a potential candidate for Martian terraformation (13) . Furthermore, in a recent study from 2018 it was reported that the cyanobacteria has been successfully and continuously cultivated for a long period of time. Researchers have estimated the following facts: Chroococcidiopsis can grow for 60 days, accumulate biomass of 16.08 g/m 2 /d. The biomass is rich in phycobiliproteins and essential fatty acids, as such it is suitable for animal food, not toxic to fish, and most importantlythe produced biomass has the quality to settle spontaneously, which eliminates the need of expensive centrifugation or separation techniques (14) . We can consider the result optimistic, especially concerning the lack of toxicity to fish. Still, more investigations are necessary in this area as it has been reported in the past that some strains of Chroococcidiopsis are producers of β-Nmethylamino-L-alanine, which is a neurotoxic amino acid (15) . If the positive results are confirmed in future studies, Chroococcidiopsis could be a great asset in terraformation of Mars. A research performed in the last two years confirms the adaptive properties of the cyanobacteria to desiccation and radiation to the point of being able to survive under simulated Martian conditions (16) . Pessimistic prospects concerning terraformation in the strict sense (10) should not bother us. We need to change Mars conditions (entirely or partially) just enough to allow exponential growth of Chroococcidiopsis to generate oxygen, feed animals, or perhaps even humans.
Modern research on the feasibility on terraformation focuses on whether processing Mars resources would generate enough atmospheric pressure for Earth lifeforms to exist. Past studies were focused more on whether plants can survive in simulated Martian environment and low atmospheric pressure. Here it is good to be reminded that it has been estimated that wheat (Triticum aestivum ) is able to germinate and grow under low pressure conditions, even though the germination rate is lower compared to Earth atmosphere control experiment (17) . This means that the pressure itself is not the most important factor in order to terraform Mars to the point to grow plants. In order to enhance the germination rate, microalgae could help. Experiments conducted with microscopic organisms like the desert-thriving Arthronema africanum can positively influence the germination of the plant Tribulus terrestris, which is also able to grow in deserts (18) . Similar research has been reported this year that the green microalga Coelastrella sp. positively influences the seed germination and the growth of pepper (Capsicum annulum ) (19) . We recommend further experiments with seed germination in the presence of algae under simulated Mars conditions. This way it could be proven if the idea works and is applicable in terraformation.
There is one last thing that needs to be discussed with regards to Mars colonization and eventual terraformation -the factor of unpredictability, a concern which is correctly being noted in skeptical papers (9) . Here we have to agree that while there is certain advance in the field of creating regenerative life support systems (13) , creating an artificial biosphere, the ultimate goal of terraformation, is an entirely different thing. The only known example of a functioning and self-sustainable biosphere, of course, is our own planet. Replicating this is extremely difficult and the efforts have met with mixed success. In Europe there is a project called MELiSSA with a primary goal to establish the minimal possible self-sustaining biosphere (20) . In Japan there was a facility called Biosphere J (21), while in Russia efforts have been concentrated on the Bios-1, Bios-2 and Bios-3 projects (22) . So far the largest effort has been attempted in Arizona, USA, in a facility known as Biosphere 2. Its construction took place between 1984 and 1991 and the area is about 13 000 m 2 . The overall result of this attempt to create an artificial biosphere is largely regarded as a failure in the public spacethe system was not able to support an entirely closed system, independent of the Earth biosphere and supplying humans with food, water and air (23) . During the first mission (between 1991 and 1993) and the second mission (in 1994) crews dealt with many unexpected problems. For example, out of six cockroach species introduced in Biosphere 2, one of them (the Australian cockroach, or Periplaneta australasiae) proliferated unexpectedly (24) . A certain type of ants (Paratrechina longicornis) feasted on the cockroaches, until it became invasive itselfand this continued until the populations of both the cockroaches and ants significantly decreased (24, 25 ). Yet we cannot easily dismiss of the whole project as a total fiascothe fact that we learned such important lessons means what we are prepared to deal with them, if they occur again. Thanks to Biosphere 2 we now understand complex bionic system much better (26) .
The experiments in the Russian Bios facilities have been less promulgated even though they offer a lot of positive evidence on the terraformation prospects. Much of the conducted research has been done with microalgae. More than half a century ago, in 1965 in the Bios-1 facility, it was proven that the green alga Chlorella vulgaris is able to regenerate the atmosphere for one human in a sealed 12 m 3 chamber, by connecting it with an 18 L photobioreactor. The algal system, by removing carbon dioxide and producing oxygen, accounted for 20% of the water, air and food quantities required by one human, which means that a result of 20% closure was achieved (27) . Research activities in subsequent years led to reporting that the index of closure in terms of mass of water and air could reach as high as 90% (28) . These results imply that the past advancement of human sciences and technologies has made great leaps in order to understand how to turn CO 2 into O 2 , which is an essential component of terraforming parts of the Red Planet. Such partial terraforming could even make the planet suitable for human life.
CONCLUSIONS
The assessment of the likelihood of terraformation is a hard task, which requires analyzing scientific results not only from the recent years, but also taking into account the decade-long research activities, conducted by many different institutions and organizations. Although there is plenty of ground for skepticism, there are also papers that have provided results which could be interpreted as being in favor of Martian terraformation, especially if we consider the term in its broader meaning. Thus said, this idea is not out of the question yet. If the skeptical papers are right, and the planet does not possess the resources to be fully inhabitable, the possibility to terraform Mars partially still exists. In the light of opposition to human colonization based on modern biocentrism, which means that if Mars has its own life we should not disturb it, partial terraformation could be a good compromise if no consensus is reached between human spaceflight deniers and supporters. We may still leave local life pockets undisturbed and left alone as wildlife sanctuaries, while the uninhabited parts on Mars could be sealed from the rest of the planet and thoroughly changed via the biological actions of photosynthetic microorganisms.
